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(54) HIGH STRENGTH NON-HEATTREATED STEEL 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a high strength non-heattreated steel in which 
facial fatigue resistance and wear resistance are improved as compared to those of the 
conventional steel, and heat treatment cost is reduced by converting the steel into the 
non-heattreated one, thereby eliminating the quenching process for the stock. 
SOLUTION: A slab containing, by mass, 0.4 to 0.6% C, 0.3 to 0.7% Si, 0.5 to 1.0% Mn, < 
0.4% Cr and 0.01 to 0.20% V, and the balance Fe with inevitable impurities is hot-rolled. 
The steel stock as hot-rolled is machined so as to be a part shape. After the 
machining, a part of the part shape is subjected to induction hardening to obtain the 
high strength non-heattreated steel. Prior to the hot rolling, the slab is heated at 1,100 
to 1,300° C to allow V to enter into solid solution, and the finishing temperature of the 
hot rolling is controlled to the range of <920° C to secure the impact resistance to be 
needed. In the steel stock as hot-rolled, core part hardness is controlled to 250 to 
350HV, and induction hardening hardness is controlled to 650 to 750HV, and it has 
excellent pitting resistance shown in figure 3. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

High intensity non-heat-treated steel characterized by containing less than [ CrO.4% ] and V:0.01 - 0.20%, hot-rolling the slab which 
consists of the remainder Fe and an unescapable impurity, cutting the steel material of a hot rolling as to a part shape, and using it 
after cutting by mass % C:0.4 - 0.6%, Si:0.3-0.7%, and Mn:0.5-1.0%, carrying out induction hardening of a part of part shape. 
[Claim 2] 

" Slab is high intensity non-heat-treated steel according to claim 1 which is mass % and is further characterized by containing one sort 
of selection, or two sorts or more from S:0.010 - 0.10%, Pb:0.010-0.10%, and calcium:O.0O05-O.005O% at the above-mentioned steel 
component. 
[Claim 3] 

In advance of hot rolling, slab is high intensity non-heat-treated steel according to claim 1 or 2 which heat at 1100 degrees C - 1300 
degrees C, and V is made to dissolve, secures the shock resistance which controls and needs the termination temperature of hot 
rolling for the range of 920 degrees C or less, and is characterized by being steel material core part hardness:250 - 350HV of a hot 
rolling as, and induction hardening hardness:650HV - 750HV. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the non-heat-treated steel which is excellent in the side-proof fatigue property for members and abrasion 
resistance which are used by carrying out induction hardening of some components after cutting steel materials like components, such 
as a drive shaft used for an automobile, a gear shaft, or a pinion shaft 
[0002] 

[Description of the Prior Art] 

By the miniaturization of components in recent years, or the high increase in power of a power transfer system, since the added planar 
pressure increases sharply, a pinion shaft runs short of a side-proof fatigue property and abrasion resistance with steel conventionally 
which is mainly SCM440. 
[0003] 

With steel, it is conventionally used for them, carrying out induction hardening of the heat treated steel to components, such as a 
pinion shaft. For example, although a field-proof fatigue property, abrasion resistance, etc. were solved by adding an alloy element to 
the function of components, such as a pinion shaft, what is depended on this heat treated steel although harden and it cuts to a steel 
part shape, and induction hardening of that part is carried out, it carries out temper further and it is considering as steel components 
after hot-rolling the slab which consists of heat treated steel, there was a trouble which material cost increases in that case. 
[0004] 

[Problem(s) to be Solved by the Invention] 

This invention aims at omitting hardening of a material and reducing heat treatment cost by improving, and high-intensity-izing a side- 
proof fatigue property and abrasion resistance compared with steel, conventionally, and forming steel into an un— temper. 
[0005] 

[Means for Solving the Problem] 

The means of this invention for solving the above-mentioned technical problem In invention of claim 1, by mass %, C:0.4 - 0.6%, Si:0.3- 
0.7%, Less than [ Cr:0.4% ] and V:0.01 - 0.20% are contained Mn:0.5-1.0%. It is high intensity non-heat-treated steel characterized by 
hot-rolling the slab which consists of the remainder Fe and an unescapable impurity, cutting the steel material of a hot rolling as to a 
part shape, and using it after cutting, carrying out induction hardening of a part of part shape. 
[0006] 

In invention of claim 2, slab is high intensity non-heat-treated steel according to claim 1 which is mass % and is further characterized 
by containing one sort of selection, or two sorts or more from S:0.010 - 0.10%, Pb:0.01 0-0.10%, and calcium:0.0005-0.0050% at the 
above-mentioned steel component. 
[0007] 

It is high intensity non-heat-treated steel according to claim 1 or 2 which heat slab at 1100 degrees C - 1300 degrees C, and V is 
made to dissolve, secures the shock resistance which controls and needs the termination temperature of hot rolling for the range of 
920 degrees C or less, and is characterized by being core part hardness:250 - 350HV of the steel material of a hot rolling as, and 
induction hardening hardness:650HV - 750HV in advance of hot rolling in invention of claim 3. 
[0008] 

The reason for limitation of the steel component of this invention is explained below. In addition, % shows mass %. 
C:0.4 - 0.6% 

C is an element for securing hardenability. and in order to secure 650 or more HV of hardness by the usual induction hardening 

annealing, it makes the minimum of the amount of C 0.4%. Moreover, if it exceeds 0.6%, retained austenite will come to occur mostly at 

the time of hardening, and the effectiveness of C increase in quantity to hardness becomes small. Then, it may be C:0.4 - 0.6%. 

[0009] 

Si: 0.3-0.7% 

Resistance to temper softening of Si improves by addition, and it contributes to improvement in the pitching-proof reinforcement of a 

hard spot, abrasion resistance, and fatigue strength by it. To the pitching-proof reinforcement of a hard spot, and abrasion resistance. 

it is effective at 0.3% or more, and effectiveness will be saturated if it exceeds 0.7%. Then, it may be Si:0.3-0.7%. 

[0010] 

Mn: 0.5-1.0% 

If the amount of Mn is reduced, it will become inadequate austenitizing by short-time heating of induction hardening, and sufficient 
hardening hardness will not be obtained. In the range of this invention steel. 0.5% or more is needed at worst Moreover, increase in 
quantity of Mn makes 1.0% an upper limit in order to reduce machinabilrty remarkably. Then, it may be Mn:0.5-1.0%. 
[0011] 

Cr: Less than [ 0.4% ] 

Although Cr is not an indispensable component, in order to adjust hardenability and forging hardness, it can adjust an addition and can 
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be added. However, if the effectiveness is not enough if too few, and added exceeding 0.4%, it will condense in a cementite and the 
dissolution to a carbonaceous matrix will be checked in the case of heating before hardening. In short-time heating of induction 
hardening, this poses a problem. Then, it may be less than [ Cr:0.4% ]. 
[0012] 

V:0.01 - 0.20% 

V is an element contributed to improvement in fatigue strength. By V addition, the proeutectoid ferrite which is the weakest part under 
organization is strengthened by precipitation hardening of VC, and reinforcement improves. In less than 0.01%, it is ineffective and the 
effectiveness of the improvement in on the strength by V addition decreases at 0.20% or more. Then, it may be V:0.01 - 0.20%. 
[0013] 

One sort or two sorts or more of selection from S:0.010 - 0.10%, Pb:0.01 0-0.10%, and calcium:0.0005-0.0050% 

S, Pb, and calcium are the element which raises machinability, and if they increase an addition, they are advantageous to machinability. 
However, as for the effectiveness, less than 0.010% or calcium does not have S and Pb at less than 0.0005%, and if 0.10% or calcium has 
more S and Pb than 0.0050%, in order to generate nonmetallic inclusion, **-proof falls ******. Therefore, S, Pb, and calcium make one 
sort chosen from them, or two sorts or more S:0.010 - 0.10%, Pb:0.010-0.10%, and calcium:0.0005-0.0050%. 
[0014] 

If an operation of this invention is described, V is made to dissolve by making whenever [ slab stoving temperature ] into 1100 degrees 
• C - 1300 degrees C, and necessary core part hardness and shock resistance can be obtained by making hot rolling termination 

temperature into the range of 920 degrees C or less. 
- [0015] 

[Embodiment of the Invention] 

The gestalt of operation of this invention is explained through the example of a trial below. After making V dissolve, having heated this 
slab with the heating furnace and having used [ ingoted JIS SCMof operation steel / concerning this invention of the chemical entity 
shown in Table 1 / and comparison steel440 steel with 100kg vacuum melting furnace, respectively, considered as slab ] as 1200 
degrees C whenever [ rolling stoving temperature / which is shown in Table 1 ]. cogging was carried out with hot rolling, having used 
rolling termination temperature as 910 degrees C, and it considered as the steel material of phi 65. In the operation steel concerning 
this invention, it cut in the configuration of a test piece 1 which shows the steel material of a this hot rolling as in drawing 1 of a part 
shape, and it carried out induction hardening after cutting, having used the major diameter 3 of some centers of a configuration as a 
hardening depth of 3mm. On the other hand, in the comparison steel shown in Table 1, the hardening material which carried out 
hardening temper of the steel material of phi 65 which carried out cogging with the hot rolling obtained by the above was cut in the 
configuration of a test piece 1, and they carried out induction hardening after cutting, having used some center sections 3 of the 
configuration as a hardening depth of 3mm. About the test piece of operation steel and the test piece of comparison steel concerning 
this invention obtained above, it measured near the front face, in Vickers as an above-mentioned induction hardening depth of 3mm. 
The induction hardening hardness of the test piece of the operation steel concerning this invention was 750HV. On the other hand, it of 
comparison steel was 620HV. Furthermore, about the test piece of operation steel and the test piece of comparison steel concerning 
this invention obtained above, those Lth page and the D/4 section were measured in Vickers. and core part hardness was obtained. 
The core part hardness of the test piece of the operation steel concerning this invention was 270HV. On the other hand, it of 
comparison steel was 280HV. 
[0016] 
[Table 1] 
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[001 7] 

Subsequently, an Ogoe style abrasion test performed the abrasion test of a test piece. Breaking load was carried out as 6.3kg with the 
wear rate which uses a rotation ring as JIS SCM420 steel, uses as the operation steel and comparison steel concerning this invention 
the plate which serves as a partner, sets wear distance to 200m, and is shown in Table 2. In addition, the hardness of SCM420 steel of 
rotation ring material was 90.5HRB(s). a test result — the ratio of comparison steel — the abrasion loss of the operation steel 
concerning this invention when setting abrasion loss to 100 is shown in Table 2. Consequently, it turns out with abrasion resistance 
[ steel / concerning this invention / operation ] that it has very high abrasion resistance. 
[0018] 
[Table 2] 
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[0019] 

Subsequently, the roller pitching test piece 1 which normalizes each material of operation steel and comparison steel concerning this 
invention, and shows it to drawing 1 was created. As for this roller pitching test piece 1, the diameter of the central major diameter 3 
has the dimension 26mm and whose die length are 28mm and whose die length the diameter of the narrow diameter portion 4 of both 
sides is 22mm, and is 51mm. After performing induction hardening to each roller pitching test piece 1, each roller pitching trial was 
performed. The principle of a roller pitching trial is shown in drawing 2 . That is, high-speed rotation of the 333.4Ns /of the large rollers 
2 of partner material which consist of the roller pitching test piece 1 and JIS SCM420 steel which are a small roller was carried out 
under the planar pressure of 2 mm, and pitching-proof nature was evaluated in quest of the number of rotations which is a life until 
pitching occurs. In addition, the difference of the peripheral speed of the roller pitching test piece 1 in this case and the large roller 2 of 
partner material, i.e., a slip ratio, is 40%. After performing the trial for five roller pitching test pieces 1 about a monograph affair, 
respectively, as shown in drawing 3 , the Weibull plot was performed and pitching-proof nature was evaluated in quest of the breakage 
probability life (B50 life) 50%. It became clear that it had the pitching-proof nature excellent in the operation steel concerning this 
invention as this drawing 3 saw. 
[0020] 

High intensity non-heat-treated steel with good cutting ability was obtained without generating nonmetallic inclusion MnS by making 
the chemical entity of the above-mentioned slab contain 0.010 - 0.030% for S by mass % further as a gestalt of other operations. 
[0021] 

[Effect of the Invention] 

By this invention adding Si and V and carrying out optimal pelory of Mn and the Cr, and heating slab at 1 100 degrees C - 1300 degrees 
C in advance of hot rolling, making V dissolve, and carrying out as explained above It has the outstanding property which is not in the 
former as steel applicable to steering components, such as a pinion shaft etc. by the ability having carried out the material hardening 
abbreviation of a field fatigue property and the abrasion resistance by improving and forming an un-temper compared with conventional 
heat treated steel — heat treatment cost can be reduced. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the roller pitching test piece used for the pitching-proof trial of the steel concerning this invention. 

[Drawing 2] It is the mimetic diagram of a roller pitching trial. 

[Drawing 3] It is the graph which shows the result of a roller pitching trial. 

[Description of Notations] 

1 Roller Pitching Test Piece 

2 Large Roller 

3 Major Diameter 

4 Narrow Diameter Portion 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the roller pitching test piece used for the p itching-proof trial of the steel concerning this invention. 
[Drawing 2] It is the mimetic diagram of a roller pitching trial. 
. [Drawing 3] It is the graph which shows the result of a roller pitching trial. 
[Description of Notations] 

1 Roller Pitching Test Piece 

2 Large Roller 

3 Major Diameter 

4 Narrow Diameter Portion 
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[0016] 
[Si] 



(^{4 : §;g% % Ca(D<5^ppm) 





C 


Si 


Mn 


S 


Ni 


Cr 


Mo 


V 


Pb 


Ca 


Eg 






1 


0. 48 


0.51 


1.01 


0.070 


0.09 


0. 15 


0. 13 


0.10 






1150°C 


910°C 


2 


0.49 


0.50 


0. 98 


0.010 


0. 11 


0. 13 


0. 12 


0.12 


0.06 




1130°C 


918°C 


3 


0.47 


0.49 


0. 99 


0.058 


0. 10 


0. 16 


0. 13 


0. 15 




30 


1100°C 


915°C 


&Cttt 


0.41 


0.24 


0.81 


0.016 


0. 10 


0. 95 


0. 15 













[0 0 17] 

Ktttf-<a*9£gtt*£*jffi3:MK|*K J: ijfrofco EHE'J>^«rJ I S SCM 
4 2 OMt L, ffl#t**^lx- h^^H^H#^*JfePtJt^ii3i: U l£*£S5SI£ 2 0 
OmbLU 2 K^-tmnm^X-, «*?-^S£6. 3 k g t LXmm Ltz 0 @4E'J > 

7$S<F> SCM4 2 0fW«)«$»i 9 0. 5HRBt*ofc 0 Jfctt«<*>Jt**&* 

£ i o o t Lfzm<v*$kw^&&%ii&ffl<DmnM*M2 k^-To z<D&$k, *9kmK.&*> 

[0 0 18] 
[*2] 



(5) 



JP 2004-27292 A 2004.1.29 



i§g (m/s) 


nmm 




i 


2 


3 


0.054 


76 


78 


81 


100 


0.099 


89 


87 


86 


100 


0. 173 


78 


76 


80 


100 


0.058 


75 


74 


78 


100 


0. 63 


58 


60 


60 


100 


1. 14 


80 


81 


78 


100 


1. 97 


98 


95 


91 


100 


3. 62 


92 


91 


89 


100 



[0 0 1 9 ] 

vf-yy&mfr 1 £fPJ£L£ 0 con- ^- \£ y^yfU&ifr 1 fi, >f ^O^g^iS 3 Oil: 
|#2 6mm, fi?i s 2 8mmf|)^ WHJ<7>/h#SI$ 4 Ofig^* 2 2 mm, fiS*«5 1m 

•to tib^n-7--C*-&n-7-k* y^-y^U^ lfcj IS S CM 4 2 0M£ 
^I.W^n-7-2tl:3 3 3. 4 N/mm 2 OffiffiTtr^jSlal^? 

^^^^-r* £^<om^&zm&&*&&xmv v j-y r l &*WMi'tzo 

114 0%-C&&o ^fti:ov>TfW5^n-7- fc: yf^^KlfcJt 1 ^jtttt t 
fctt«l*frofc|fe, H3K*tJ:7K, 7-f Tfr-fv ? h £fiV>, 5 0 %M5£?£## ( 
B 5 „ m-fa) *MTM\' y?-yy i t£&WMl'fzo z<?>m 3 k!,£>*i& t& ij #3&93k# 

[0 0 2 0 ] 

«!<?)*itf)iiUUt, lE^IHM-^b^^J:?^^, St%T\ S £ 0 . 0 10-0 
. 0 3 0 I** I iit'MIMM n S < #9J14<7> A*?* 

[0 0 2 1 ] 

CjtioTilt^ 1100t-130 Otlcj|jp*fcLTV*H^?*i-*Clfc^J: »K 

[0 2] yf->^«K©fil^lBI-C**o 
[#^>i&iB] 

1 d - ^ - 1: y y r&mfr 

2 -ku-y- 
3 

4 



